Sensitivity of CoWO4 thin films to CO  by Kärkkänen, Irina et al.
Available online at www.sciencedirect.com
Procedia Engineering  00 (2010) 000–000 
Procedia 
Engineering 
www.elsevier.com/locate/procedia
Proc. Eurosensors XXIV, September 5-8, 2010, Linz, Austria 
Sensitivity of CoWO4 Thin Films to CO 
        Irina Kärkkänen, Margus Kodu, Tea Avarmaa, Jelena Kozlova, Leonard Matisen, Hugo Mändar, 
Agu Saar, V Sammelselg, Raivo Jaaniso* 
Institute of Physics, University of Tartu, Riia 142, 51014, Tartu, Estonia 
Abstract 
A new p-type thin film material for gas sensing was prepared and investigated for CO response. The films of CoWO4 were 
fabricated by pulsed laser deposition (PLD) and characterised by XRD, XRR, XPS and SEM. The substrate temperature and 
oxygen pressure in PLD chamber were varied in order to examine the relations between deposition parameters, film structure and 
gas sensitivity. Conductometric response to CO was measured at 150-350 oC and was found to be the highest at relatively low 
temperatures, at 200-250 oC depending on relative humidity or annealing time in ambient atmosphere. Highest sensitivity was 
obtained for the films grown on silicone nitrite substrates at 400-500 oC at oxygen pressures 10-3 to 10-2 mbar. At higher oxygen 
pressures or after annealing in oxygen environment the film stoichiometry was seriously altered and the conductivity of the films 
was significantly decreased. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Growing demand in gas sensing applications and in producing electronic noses inspires investigators to diversify 
the list of gas responsive materials, in particular, in the form of thin films. Among semiconducting oxide materials 
mainly n-type materials prevail, and therefore new p-type thin films with different gas sensing patterns are also of 
interest [1]. Cobalt tungstate is not a widely investigated material. Some publications regard mixtures and 
modifications of this material [2-3].  The material was also not prepared by PLD technique before. The electrical 
properties of CoWo4 single crystals have been examined [4] and showed a p-type semiconducting behaviour. In the 
current work, the preliminary results of cobalt tungstate gas sensing properties are presented. A series of CoWO4
thin films (thickness ~100 nm) was prepared by PLD. The growth parameters and other factors that influenced the 
sensitivity of the films to CO gas were investigated. 
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2. Experimental 
The PLD targets were prepared from CoWO4 powder (99%, Alfa Aesar). The target pellets were pressed at 4000 
kg/cm-1 and sintered at 1250 °C during 7 hours. The sintering of cobalt tungstate pellets requires a good balance 
between the starting temperature of densification and the incongruent melting of CoWO4-x at 1309 to 1326 °C. The 
sintering was made in flowing oxygen as the thermal treatment in inert atmosphere leads to a loss of oxygen in the 
material already at ~900 °C [5,6]. About 100 nm thick CoWO4 films were grown on microelectrode substrate 
SM160 (Windsor Scientific) for gas sensitivity measurements and on fused silica substrates for additional analysis. 
Thin films were grown at substrate temperatures of 250-500 oC and at oxygen pressures 10-1-10-4 mbar in the 
chamber. The other deposition conditions were as follows: laser wavelength 248 nm, laser pulse energy density on 
the target 4 J/cm2, repetition rate of laser 10 Hz, the distance between the substrate and the target 7.5 cm. A KrF 
excimer laser (COMPexPro 205, Coherent; wavelength 248 nm, pulse width 25 ns) was used for ablation. More 
details on PLD apparatus and procedures can be found in [7]. The structure of deposited films was characterised by 
XRD, XRR, SEM, and XPS methods. The measurements of electrical and gas sensitivity characteristics were carried 
out with a Keithley 2400 sourcemeter, a gas mixing system based on three Brooks mass flow controllers, and a 
sample chamber with small hotplate heater. The voltage applied onto the 100 μm gap between two Pt-
microelectrodes was 0.1 V-3 V. A mixture of N2 79 % and O2 21 % (both 99,999% pure) was used as a carrier gas 
in all measurements. 
3. Results and discussion 
In order to investigate the dependence of CO sensitivity on growth parameters, a series of CoWO4 thin films 
(thickness ~100 nm) was prepared by PLD. Fig. 1 presents SEM pictures of three samples. The surface 
morphologies are apparently very different – the films deposited at 400 oC (B, C) are much more structured and 
porous as compared to the film deposited at 250 oC (A). XRD analysis showed that all as grown films were 
amorphous. The density determined by XRR for sample B was 7.0(1) g/cm3, which is more than 10% less than the 
theoretical value. 
A B C 
Fig. 1. SEM pictures of three CoWO4 thin films prepared by PLD at different growth conditions: A - Tg=250 oC, p(O2)=10-3 mbar, B – Tg=400 oC, 
p(O2)=10-3 mbar, and C - Tg=400 oC, p(O2)=10-3 mbar. The picture areas are 470x470 nm. 
The electrical conductivity of the samples decreased with increasing growth temperature. The activation energy 
of conductance determined between 150 and 350 oC was 0.4 - 0.8 eV, which agrees with the results of Ref. [3]. 
However, the samples grown or annealed at or above 400 oC in oxygen environment (pO2 > 0.1 mbar) become 
electrically isolating and could not be measured. The XPS analysis showed that the surface of the latter films had a 
significant deficit of Co ie mostly consisted of WO3 phase. Response to CO was measured at different temperatures 
and appeared, for as grown films in dry air, to be the highest at 200 oC (Fig. 2). In Figs. 2-4, I is the measured 
I. Ka¨rkka¨nen et al. / Procedia Engineering 5 (2010) 160–163 161
I. Kärkkänen et al/ Procedia Engineering 00 (2010) 000–000 3
current in the presence of test gas and I0 is the measured current in pure air. The temperature of maximal response 
did not practically depend on deposition parameters. Fig. 3 plots the CO responses of two samples (B and C) 
measured at two different test temperatures. As one can see, the studied materials tend to be quite discriminating at 
low CO concentrations. 
Fig. 2. Temperature dependences of steady-state conductometric 
responses to 100 ppm CO for three films A, B, C. The growth conditions 
are indicated in the caption of Fig. 1. 
Fig.3.  CO responses of two samples grown at 400 oC and at 
different oxygen pressures: 10-3 mbar (B) and 10-2 mbar (C). 
In other words, the results plotted in Fig. 3 show that the material under the study is probably a good candidate 
for a very-low concentrations sensor. However, it is sensitive also to water vapour, and the response to CO 
decreases at the presence of humidity. At 200 oC the sensitivity to CO practically disappeared in the presence of 
humidity but was thereafter successfully restored by heating the sample up to 350 oC in air. Fig. 4 represents the 
sensitivity difference in the absence and presence of humidity at 350 oC. As one can see, the baseline current 
decreases in the presence of humidity but the relative response to CO (I0/I) has practically the same value in the 
absence and presence of the water vapour. 
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Fig.4. Measured current as a function of CO gas in the absence and presence of humidity. Film temperature 350 oC. 
The sensitivity of the films also decreased during annealing at ambient conditions, whereas the maximal 
sensitivity to CO gas shifted from 200 oC to 250 oC. The XPS analysis showed several modifications of the surface 
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layer during such annealing: 1) the Co2p lines were converted from Co2+-like shape towards Co3+-like shape [8]; 2) 
the intensity of C1s line increased; 3) the O1s line broadened, which indicated the presence of OH groups. All these 
changes could be reversed after heating the sample in vacuum at 350 oC.  
4. Conclusions 
A new p-type thin film material for gas sensing was prepared and investigated for CO response. The films of 
CoWO4 were fabricated by pulsed laser deposition (PLD) on microelectrode platforms and characterised by XRD, 
XRR, XPS, and SEM. The surface structure and composition was shown to depend strongly on deposition 
temperature and oxygen pressure during the growth. The activation energy of conductance of the films was between 
0.4 and 0.8 eV. The conductometric response of the films was of p-type ie the conductance decreased in the 
presence of reducing CO gas and increased by increasing the oxygen content in the air. The response to CO gas 
measured between 150 and 350 oC was found to be the highest at relatively low temperatures, at 200-250 oC, 
depending on humidity and annealing time in ambient conditions. Highest sensitivity was obtained for the films 
grown on silicone nitrite substrates at 400-500 oC and at oxygen pressures 10-3 - 10-2 mbar. At higher oxygen 
pressures or after high-temperature annealing in oxygen environment the film surface stoichiometry was seriously 
altered and the films become electrically insulating. It was also found that the sensitivity decreased after annealing at 
ambient conditions. The latter change was reversible by heating in vacuum and it was correlated with surface 
modifications obtained by XPS.  
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